The neutronic code CORNER is based on the S N discrete ordinates method [1] and the P M scattering cross-section approximation. It is intended for high-precision deterministic neutronic calculations of fast-neutron reactors and can be used to solve two types of steadystate neutron transport and gamma quanta problems in a 3D hexagonal geometry: K eff problems (homogeneous) and source problems (inhomogeneous).
Problem definition
The steady-state distribution of neutrons is described by the linear Boltzmann equation [4] , which, in a multigroup approximation, has the form
where ϕ g ( r , ) is the neutron flux density at the point r in the direction in the group g ; g ( r ) is the scalar neutron flux at the point r in the group g ; t g ( r ) is the full macroscopic cross-section of interaction; s g → g ( r , ) is the macroscopic cross-section of the neutron scattering from group g into group g ; χ g is the fission neutron spectrum; G is the total number of energy groups; ν f g is the number of fission neutrons generated in a single fission event; and S g ( r ) is the distribution function of internal sources.
The CORNER code supports the solution of an inhomogeneous problem and a conditional-critical problem (with zero boundary conditions, zero internal sources and the 1/K eff multiplier preceding the fission integral).
S N P M approximation
To calculate the collision integral, it is necessary to define the angular quadrature ( S N approximation of the discrete or- dinates method) and expand the scattering indicatrix in series of Legendre polynomials ( P M approximation).
The variation range of angular variables is a single sphere of directions = ( θ , φ) where θ is the polar angle, and φ is the azimuthal angle. In the S N approximation, this range is substituted by a set of discrete directions m , each of which is matched by a point on the sphere surface and a surface element of the area w m . The surface elements w m play the role of angular quadrature weights in the computation of integrals in expression ( 2 ) . The total number of discrete directions is equal to 2
The CORNER code supports two types of quadrature sets: Level Symmetric ( LQ N ) and Legendre-Chebyshev ( P N -T N ) [5] . The angular quadratures of the LQ N set are symmetrical relative to the rotation about each axis but are limited: when N > 20, negative quadrature weights occur. The P N -T N set combines the Gauss quadratures for the polar variable and the Chebyshev quadratures with equal weights for the azimuthal variable.
With regard for the expansion of the scattering indicatrix in series of Legendre polynomials, the collision integral has the form
where s,l g → g ( r ) is the l th moment of the scattering crosssection; P l ( ξ ) is the 1st order Legendre polynomial; and P l k ( ξ ) is the associated Legendre polynomial. The flux angular moments have the form
Finite-difference schemes
The computational domain consists of regular hexagonal prisms which simulate the reactor core FAs with a pitch of x . Let us consider the computational cell Fig. 1 ) with the center at ( x i , y j , z k ), where
The balance equation for the zero moments of the angular flux in the cell and on the faces is obtained by the integration of Eq. (1) in a difference cell for the fixed direction m (the index of group g is omitted for simplicity):
where We shall introduce the notion of the computational cell face highlighting status: if ( , n ) < 0, where n is vector of the normal to the considered face, then the face is highlighted, i.e. it is incoming, if ( , n ) > 0, the face is outgoing. For the computational cell of the HEX-Z type, there are 16 highlighting options, for each of which the CORNER code supports the procedure for the computational mesh cell listing.
Eq. (6) includes unknown values of the neutron flux in the cell and on the outgoing faces, so closing relations of the form as follows are introduced
The properties of the obtained difference schemes depend on the selected weight parameters P α . When P α =1, the scheme is "stepwise" ( ST ); it is positive and monotonous but has the first order of accuracy. When P α =1/2 we have a "diamond" (DD) scheme of the second order of accuracy. One of its drawbacks is the occurrence of negative neutron flux values which is eliminated by using the zero correction algorithm ( DZ ) [6] . Another drawback (nonmonotonicity) leads to nonphysical oscillations (local extremes). In a rectangular geometry, this problem may be solved, e.g. by reducing the difference cell size.
The PENTRAN code [7] uses a difference scheme for the DTW (Directional Theta-Weighted) rectangular geometry which ensures the positivity of the solution and the acceptable level of monotonicity. In the CORNER code, an analog of the DTW scheme has been developed for the HEX-Z geometry, the weighting factors of which are found according to the following expressions: To compare the DD/DZ and DTW schemes, one may use the distribution of the scalar neutron flux ( Fig. 2 ) at the centers of the FAs of the central diagonal in one of the BN-800 reactor models. Alternatively, the result obtained from the calculation by the Monte-Carlo method was used.
Comparative calculations of one of the BN-800 reactor core models
A loading map of the reactor core model is presented in Fig. 3 . The assembly spacing exceeds 10 cm. The reactor model computational cells are numbered from the central cell and further spirally counterclockwise. Two subcodes were used for the calculation: MMK (Monte Carlo method) and CORNER ( S N approximation) in a 26-group approximation. Constants were prepared using the CONSYST software [8] with the ABBN-93 library.
S 4 P 1 approximation with the convergence accuracy of 10
for internal iterations and of 10 −4 for external iterations was used for the CORNER code calculation. The MMK-based calculation statistics was about 10 8 neutrons. The presented core model was used to calculate the efficiencies of the CPS (emergency protection (EP) rods, shim rods and control rods), and the calculation results demonstrate a good fit of data obtained with the use of different programs.
Conclusion
A high-precision neutronic code, CORNER, was developed based on the solution of a steady-state neutron transport equation in a multigroup energy approximation in the HEX-Z geometry by S N method.
A cross verification with the MMK code was performed on a BN-800 reactor core model. The results obtained with the use of different codes have shown a good fit, which confirms the functionality of the CORNER code and high accuracy of the solutions obtained by it Table 1 .
